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METHOD FOR STREAMLINED 
REPRESENTATION OF ROADS IN A 

GEOGRAPHIC DATABASE 

The present invention relates to geographic data and 
more particularly the present invention relates to a Way to 
represent a road network in a geographic database to facili 
tate certain navigation-related functions, such as route cal 
culation. 

Navigation systems provide useful features, such as 
calculating a route to a desired destination and providing 
guidance for folloWing the route. In order to provide these 
features, navigation systems use geographic databases that 
include information about the locations of roads and 
intersections, estimated travel times along roads, the speed 
limits along roads, etc. Geographic databases used by navi 
gation systems also include data about traf?c restrictions, 
such as one-Way streets, no-left-turns, etc., so that the 
navigation system can calculate a legal route (i.e., a route 
that conforms to applicable traf?c laWs and regulations). 
Using a geographic database, programming algorithms used 
in navigation systems can ?nd an optimal (e.g, fastest or 
shortest) route to a speci?ed destination. 
A conventional Way to represent roads in a geographic 

database is to represent them as discrete segments, i.e., 
Wherein a segment corresponds to the portion of a road 
betWeen intersections. In this kind of model, traf?c restric 
tions (such as turn restrictions) are treated as properties of a 
road segment. This model conforms to the Way roads are 
perceived and generally Works Well. 

FIG. 1 is an illustration of a portion of a road netWork 10. 
FIG. 2 is a diagram that illutrates hoW the road netWork 10 
shoWn in FIG. 1 is represented in a conventional geographic 
database 14. 

In some geographic databases, a series of connected 
individual road segments are represented as an aggregation 
in order to facilitate some types of functions for Which 
geographic databases are used. Examples of geographic 
databases in Which a series of connected road segments are 
represented as an aggregation are disclosed in US. Pat. Nos. 
6,038,559 and 6,112,200, the entire disclosures of Which are 
represented by reference herein. 

Although the conventional Way of representing roads 
Works Well, there is room for improvement. For example, 
calculating a route using a geographic database can be 
computationally intensive. It Would be bene?cial if roads 
could be represented in a geographic database in a Way that 
further facilitates certain functions, such as route calcula 
tion. 

SUMMARY OF THE INVENTION 

To address these and other objectives, an embodiment of 
the present invention comprises a method of representing a 
road netWork in a geographic database that facilitates deter 
mining routes betWeen locations along the road netWork. In 
the geographic database, the road netWork is represented 
using transition point pair data. Each transition point pair 
data record indicates an entry point, an arm (or road 
segment) leading aWay from the entry point, an exit point, 
routing attributes, and possibly other data. Except for certain 
exceptions, such as multi-segment restricted driving 
maneuvers, the entry point and the exit point of a transition 
point pair are adjacent decision point intersections. A deci 
sion point intersection is an intersection at Which a driver is 
required to make a decision Which one of tWo or more 

possible road segments to take leading aWay from the 
intersection. The transition point pair data are used When 
calculating a route betWeen tWo locations. 

10 

15 

25 

35 

40 

45 

55 

65 

2 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates of a portion of a road netWork. 

FIG. 2 is a diagram that illutrates hoW the portion of the 
road netWork shoWn in FIG. 1 is represented in a conven 
tional geographic database. 

FIG. 3 is a diagram that illustrates a relationship betWeen 
a master version of a geographic database and a coverage 
area. 

FIG. 4 is a diagram that illustrates formation of compiled 
geographic database products from the master version of the 
geographic database shoWn in FIG. 3. 

FIG. 5 is a block diagram that shoWs an organiZation of 
one of the compiled databases in FIG. 4. 

FIG. 6 is a block diagram that shoWs components of a data 
representation of one of the road segments (links) shoWn in 
FIG. 5 according to a ?rst embodiment. 

FIG. 7 is a diagram that illutrates hoW the portion of the 
road netWork shoWn in FIG. 1 is represented in a geographic 
database according to the ?rst embodiment. 

FIGS. 8—12 graphically illustrate hoW various road seg 
ment combinations are represented in the ?rst embodiment. 

FIGS. 13A—13D shoW examples of complex intersections 
that are represented using an alternative embodiment. 

DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EMBODIMENTS 

I. Formation of Compilcd Gcographic Databascs from a 
Master Geographic Database. 

FIG. 3 shoWs a master version of a geographic database 
100. The master version of the geographic database 100 
contains data 102 that represent geographic features in a 
coverage area 104. The coverage area 104 may correspond 
to an entire country, such as the United States. Alternatively, 
the coverage area 104 may correspond to several countries, 
such as the United States, Canada, and Mexico, or France, 
Germany, and Italy, and so on. According to another 
alternative, the coverage area 104 of the master version of 
the geographic database 100 may represent only a single 
region Within a country, such as the West Coast or the 
MidWest of the US. Although the master version of the 
geographic database 100 includes data that represent geo 
graphic features in the entire coverage area 104, there may 
be parts of the coverage area 104 that contain geographic 
features that are not represented by data in the geographic 
database, or for Which the representation of geographic 
features is sparse. 
The master version of the geographic database 100 

includes data about a road netWork 120 located in the 
coverage area 104. The data about the road netWork 120 
include various kinds of information, such as the geographic 
coordinates of positions of the roads, street names of the 
roads, addresses ranges along the roads, turn restrictions at 
intersections of roads, and so on. The master version of the 
geographic database 100 also includes data about points of 
interest in the covered area 104. Points of interest may 
include hotels, restaurants, museums, stadiums, offices, 
automobile dealerships, auto repair shops, etc. The master 
version of the geographic database 100 may include data 
about the locations of these points of interests. The master 
version of the geographic database 100 may also include 
data about places, such as cities, toWns, or other communi 
ties. The master version of the geographic database 100 may 
include other kinds of information. 
The data about the geographic features in the coverage 

area 104 are collected by a geographic database developer, 
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such as Navigation Technologies Corporation of Chicago, 
Ill. However, it is understood that the inventive concepts 
disclosed herein are not restricted to any particular source of 
data. 

The master version of the geographic database 100 is 
maintained as the copy that has the most up-to-date data 
relating to the coverage area 104. Accordingly, the master 
version of the geographic database 100 is updated, 
expanded, and/or otherWise modi?ed on a regular and con 
tinuing basis. To facilitate these operations, the master 
version of the geographic database 100 is stored in a format 
that facilitates updating, maintenance, and development. In 
general, the format of the master database 100 is not suitable 
for use in navigation systems. 
A copy of the master version of the geographic database 

100 is physically located at a ?rst location 114. In one 
embodiment, the master version of the geographic database 
100 is stored on one or more hard drives, tapes or other 
media, and accessed With an appropriate computer 116. Any 
suitable computer may be used, such as a mainframe 
computer, a plurality of networked microcomputers, etc. 

Referring to FIG. 4, the master version of the geographic 
database 100 is used to make compiled (or derived) database 
products 110. The compiled database products 110 are made 
using a compiler 111. The compiler 111 is a softWare 
program run on an appropriate computer platform. 

The compiled database products 110 may represent only 
portions of the coverage area represented by the master 
version of the geographic database 100. For example, the 
compiled database products 110 may include data that relate 
to only one or more speci?c sub-areas Within the coverage 
area 104 of the master version of the geographic database 
100. Further, the compiled database products 110 may 
include feWer than all the data attributes that describe 
geographic features represented in the master version of the 
geographic database 100. 

The compiled database products 110 are used on various 
kinds of computing platforms 112. For example, the com 
piled database products 110 are used in navigation systems 
(such as in-vehicle navigation systems and hand-held por 
table navigation systems), personal computers (including 
desktop and notebook computers), and other kinds of 
devices, such as PalmPilot®-type devices, pagers, 
telephones, personal digital assistants, etc. The compiled 
database products 110 are also used on netWorked comput 
ing platforms and environments, including systems con 
nected to the Internet. 

The compiled database products 110 are stored on media 
that are suitable for the hardWare platforms on Which they 
are used. For example, the compiled database products may 
be stored on CD-ROM disks, hard drives, DVD disks, ?ash 
memory, or other types of media that are available noW or 
that become available in the future. 
On the computing platforms 112, the compiled database 

products 110 are used by various softWare applications. For 
example, the compiled database products 110 may be used 
by softWare applications that provide navigation-related 
functions, such as route calculation, route guidance, vehicle 
positioning, map display, and electronic yelloW pages, as 
Well as other kinds of functions. 
II. Representation of Roads in Compiled Geographic Data 
bases 

In the compiled databases 110, the geographic data are 
organiZed differently than in the master version of the 
geographic database 100. Acompiled database is organiZed, 
arranged, structured and/or stored in a form that facilitates 
the use of the data in the computing platform in Which it is 
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4 
installed. A compiled database may also be stored in a 
compressed format on the media on Which it is located. 

A. Separate Functional Types of Geographic Data 
One Way to facilitate performance of navigation-related 

functions is to provide separate collections or subsets of the 
geographic data for use by speci?c navigation-related func 
tions. Each such separate collection includes the data and 
attributes needed for performing the particular associated 
function, but excludes data and attributes that are not needed 
for performing the function. FIG. 5 illustrates one Way of 
providing separate subsets of geographic data based on 
function. In FIG. 5, the compiled geographic database 110 is 
comprised of separate collections of routing data, carto 
graphic data (for map display), maneuver data (for route 
guidance), point-of-interest data, and so on. The compiled 
geographic database 110 may be de?ned With feWer or more 
of these different types of data, and other types of data may 
be de?ned and included. In addition, one or more of these 
different types of data (or levels thereof, as explained beloW) 
may be combined into a composite type. To permit these 
subsets of data types to Work together, one or more indexes 
are included that provide cross references, search trees, or 
other data ?nding techniques. 

B. Levels of Geographic Data 
Another Way that the data in a compiled geographic 

database can be organiZed to enhance the use thereof is to 
provide the data in levels. Some of the navigation-related 
functions, such as the map display function and the route 
calculation function, may use data at different levels of 
detail. To implement different levels of data, each repre 
sented road segment is associated With a rank that corre 
sponds to a functional class of road. Road segments having 
a rank of “4” may include high volume, controlled access 
roads, such as expressWays and freeWays. Road segments 
having a rank of “3” may be high volume roads With feW 
speed changes, but are not necessarily controlled access 
roads. The loWer ranked roads handle corresponding loWer 
volumes and generally have more speed changes or sloWer 
speeds. Road segments having a rank of “0” can handle the 
loWest volumes. For example, these may include side 
streets, alleyWays, etc. 
The rank of a represented road is used to specify the 

highest data level in Which a data entity that represents the 
road is included. For example, referring to FIG. 5, the 
routing type data may include separate levels of the data, 
“level 0”, “level 1”, etc., each comprising a separate col 
lection of the routing data With a different level of detail, and 
each of Which can be used by the route calculation function. 
In the routing type of data, level 0 includes the data records 
that represent roads having a rank of “0” or higher, thus, 
level 0 includes data corresponding to all the represented 
portions of all the roads in the geographic region. Level 1 of 
the routing data comprises a separate subset (or collection) 
of the routing data and includes only the data that represent 
roads having a rank of “1” or higher. Level 2 of the routing 
data comprises a separate subset of the routing data and 
includes only the data that represent roads having a rank of 
level 2 or higher, and so on. A highest level includes only 
records that represent roads having a rank of n. Each higher 
level includes feWer records, hoWever these records repre 
sent roads upon Which travel is generally faster. Route 
calculation may be facilitated by using the higher levels of 
routing data, Whenever possible, e.g., for portions of a route 
aWay from the origin or destination. 

Similarly, some of the other types of data may be provided 
in different levels Which can be used by the associated 
function. For example, using different levels of cartographic 
data facilitates panning and Zooming by the map display 
function. 
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Although the organization of some of the data into levels 
results in some duplication of the data, the increased ef? 
ciency generally offsets any disadvantages. In order to alloW 
these different levels to Work together, indexes may be 
provided. 

In addition to the above-described method for organiZing 
a subset of a geographic database that represents roads into 
separate levels, there are other methods that can be used. For 
example, another Way to organiZe roads into levels is to use 
a different criterion, provided connectivity is maintained at 
each level. In practice, that might involve moving selected 
roads from one level to another to improve route quality. The 
same result could be accomplished by changing the rank of 
selected roads. 

C. Data Representation of Road Network for Routing 
As mentioned above, the geographic database 110 

includes a speci?c portion or subset used for route calcula 
tion. In prior geographic databases, the subset of data used 
for route calculation contained road segment data 
(representing individual road segments) and node data 
(representing intersections or endpoints of road segments). 
In a present embodiment, the subset of data used for route 
calculation includes node data that represent intersections of 
roads. HoWever, in the present embodiment, the subset of 
data used for route calculation includes transition point pair 
data instead of road segment data. As explained in more 
detail beloW, the transition point pair data does not represent 
individual road segments. 

(For purposes of helping to explain the disclosed 
embodiments, reference may be made to the “road 
segments,” “links” or “intersections” included in a transition 
point pair or the “path” of a transition point pair. These 
references are for explanation purposes and should not be 
construed to mean that the transition point pair data includes 
actual references to speci?c road segments, except as dis 
closed herein.). 

Each “transition point pair” includes an entry point, an 
associated exit point, and an associated cost. When calcu 
lating a route, the transition point pair data are used to 
determine the costs (e.g., travel times) associated With 
traveling to exit points from associated entry points. In a 
present embodiment, the transition point pair data do not 
indicate the exact path (i.e., the speci?c individual road 
segments) by Which the exit point can be reached from the 
entry point. In order to determine the exact path betWeen an 
entry point and an exit point, reference is made to another of 
the types of data in the geographic database. HoWever, 
determining the exact path betWeen an entry point and an 
exit point (and, by extension, of a route made up of actual 
road segments) can be performed after a skeleton version of 
the route (made up of transition point pairs) is calculated, 
thereby reducing the amount of time needed to calculate a 
complete route. Detailed data is not needed to determine a 
route, only to highlight or folloW it. 

In a present embodiment, most of the entry points and exit 
points correspond to decision point intersections. A “deci 
sion point intersection” is an intersection of more than tWo 
road segments Where a driver entering the intersection along 
one of the road segments can legally exit the intersection via 
at least tWo other road segments, i.e., the driver has to make 
a “decision” Which one of tWo or more road segments to 
folloW out of the intersection. 

Whether an intersection is a decision point intersection 
depends on the road segment upon Which the intersection is 
being entered. For example, a driver entering an intersection 
along one road segment, e.g., segment A, may have the 
option of turning left onto segment B, going straight onto 
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6 
segment C, or turning right onto segment D. Thus, the 
intersection is a decision point intersection When approached 
on segment A. HoWever, a driver entering the same inter 
section along segment B may only have the option of going 
straight onto segment D. In this case, the intersection is not 
a decision point intersection When being approached on 
segment B. 

In a transition point pair, the entry point is a decision point 
intersection. The exit point of a transition point pair is the 
next eligible decision point intersection that a driver Would 
encounter after leaving the entry point along the chosen one 
of the road segments leading aWay from it. A decision point 
intersection is eligible unless it is: 

(1) part of a restricted driving maneuver; 
(2) the start of a one-Way condition in the direction 

opposite to the direction toWard the exit point; 
(3) the start of a timed one-Way condition; or 
(4) the start of a no-through-traffic condition. 
Some of these exceptions are explained in more detail 

beloW. 
BetWeen the entry point and the exit point of a transition 

point pair, there may be one or more intersections or there 
may be no intersections. Thus, there may be more than one 
actual road segment betWeen the entry point and the exit 
point of a transition point pair. Furthermore, the same actual 
road segment may be part of tWo different transition point 
pairs. 

In the subset of the geographic database used for route 
calculation, each transition point pair is represented by a 
separate data entity or record. FIG. 6 illustrates the compo 
nents of a transition pair data entity 200. Each transition 
point pair data entity 200 includes data that indicate the entry 
point, the exit arm from the entry point (labeled “START 
ARM” in FIG. 6) and the exit point. In this embodiment, the 
entry point is indicated by the ID of the node that corre 
sponds to the entry point. The exit arm is indicated by a 
number (e.g., 1, 2, etc.) assigned to each of the road 
segments that connect to the node corresponding to the entry 
point. The numbers may be assigned to each road segment 
in clockWise order starting from a direction, e.g., north. The 
exit point is indicated by the ID of the node that corresponds 
to the exit point. 

In the present embodiment, the transition point pair data 
entity also includes data indicating the segment leading into 
the exit point (labeled “END ARM” in FIG. 6). In the 
present embodiment, the road segment leading into the exit 
point is indicated by arm number. 

If the transition point pair data entity includes a “via 
node,” as explained beloW, data indicating the via node is 
included in the transition point pair data entity. 

If the transition point pair data entity includes 
“conditions,” as explained beloW, data indicating the con 
ditions are included in the transition point pair data entity. 
The transition point pair data entity also includes a set of 

routing attributes. These routing attributes include the total 
length of the road segments betWeen the starting point and 
the exit point, the average time it takes to travel from the 
starting point to the exit point, vehicle access information, 
and cost modi?cation attributes. 
A transition pair data entity may include other data 

components. 
(The terms “transition point pair” and “node” represent 

only one terminology for describing these concepts. In 
alternative embodiments, a “transition point pair” may be 
referred to by another term. A “transition point pair” may 
even be referred to as a “segment.” It is understood that the 
inventive concepts are not limited to any speci?c 
terminology.) 
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EXAMPLES 

FIG. 7 is a diagram that illutrates hoW the portion of the 
road network shoWn in FIG. 1 Would be represented using 
the present embodiment. Note that in FIG. 7, the transition 
point pair A—C represents the separate links A—B and B—C. 
Since the link A—B is a ramp, there is only legal path from 
the link A—B, i.e., onto the link B—C. Therefore, the inter 
section at B is not a decision point intersection and the 
intersection B is not used as the eXit point of the transition 
point pair that starts atAalong the arm=2. The neXt decision 
point along this path is the intersection C. 

Another eXample in FIG. 7 is the transition point pair 
A—G. This transition point pair represents the separate links 
A—F and F—G. No turns are permitted at F, therefore, F is not 
a decision point intersection. Accordingly, F is not used as 
the eXit point of the transition point pair that starts atA along 
the arm=1. The neXt decision point along this path is C. 

D. Nodes 

As mentioned above, in the present embodiment the 
subset of data used for route calculation includes node data. 
Nodes are the end points of links and therefore represent the 
intersections of roads. The subset of data used for route 
calculation may include a data record for each node. The 
node data record may have associated With it information 
(such as “attributes”, “?elds”, etc.) that alloWs identi?cation 
of the link(s) that connect to it and/or its geographic position 
(e.g., its latitude, longitude, and optionally altitude or 
elevation). 

E. Nominal Paths 

The present embodiment uses nominal path data. Nominal 
paths are attributes of intersections. When forming a geo 
graphic database, the geographic database developer iden 
ti?es a list of nominal paths for each intersection. The 
nominal paths through an intersection identify, for each road 
segment by Which the represented intersection can be 
entered, one and only one road segment from Which the 
represented intersection is eXited. In a nominal path, the eXit 
segment associated With an entrance segment is not neces 
sarily the only segment from Which the intersection can be 
legally eXited. HoWever, When identifying the nominal path, 
an attempt is made by the geographic database developer to 
identify that road segment from Which the intersection is 
most likely to be eXited, for a given entrance segment. The 
nominal path data is included in the compiled version (110 
in FIG. 4) of the geographic database and may also be 
included in the master version (100 in FIG. 4) of the 
geographic database. A further description of nominal paths 
is included in the copending patent application Ser. No. 
09/649,715, entitled “METHOD AND SYSTEM FOR 
COMPACT REPRESENTATION OF ROUTES,” ?led Aug. 
25, 2000, the entire disclosure of Which is incorporated 
herein by reference. 

In a present embodiment, the nominal path data are not 
included in the subset of data used for route calculation. 
Instead, the nominal path data are included in another of the 
subsets of data, e.g., the maneuver or composite subset. 

F. Nominal and Variant Transition Point Pairs 
There are tWo types of transition point pairs: a nominal 

type and a variant type. Anominal transition point pair is one 
that folloWs a nominal path through each intersection from 
the entry point (i.e., start node) to the eXit point (i.e., end 
node). A variant transition point pair does not folloW the 
nominal path at each intersection betWeen its entry point and 
its eXit point. The intersection (i.e., node) at Which a variant 
transition point pair departs from the nominal path is 
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8 
referred to as a “via node.” Variant transition point pairs are 
exceptions to the general rule that transition point pairs start 
and end at decision point intersections. Variant transition 
point pairs are used to represent restricted driving maneu 
vers. Other than at via nodes, the path of a transition point 
pair betWeen it s entry point and its eXit point folloWs the 
nominal path at each intersection. 

Atransition point pair data record that represents a variant 
transition point pair includes data indicating the via node 
(e.g., the node ID) and the road segment (i.e., arm) from the 
via node to folloW toWard the eXit point. 

G. Consideration Related to Transition Point Pairs 
As mentioned above, transition point pairs normally, but 

not alWays, start and end at “decision point intersections.” In 
a present embodiment, if a transition point pair crosses a 
decision point intersection, there is another transition point 
pair, With the same start node and arm, for each additional 
legal path through the decision point intersection. These 
additional transition point pairs Will be variant since they do 
not folloW the nominal path. 

Transition point pairs are unidirectional. Each transition 
point pair data record in the subset of data used for route 
calculation represents one Way to travel from the start node 
(i.e., the entry point) to the end node (i.e., the eXit point). 
According to the present embodiment, the same path in the 
reverse direction Would be represented by a different tran 
sition point pair data record. 
The path of a transition point pair can partially or com 

pletely overlap the path of another transition point pair. This 
means that a single link (i.e., road segment) may be part of 
more than one transition point pair in each direction. A 
transition point pair that completely overlaps another tran 
sition point pair is referred to as a “container.” 

In one embodiment, the transition point pair records in the 
compiled database do not have database IDs, i.e., a unique 
identi?er by Which each transition point pair record is 
identi?able in the database. A transition point pair is 
uniquely de?ned by its start node ID, start arm and end node 
ID 

It is not necessary that all of the links (i.e., road segments) 
that make up a transition point pair be of the same rank. 
As mentioned above, in some geographic databases, the 

subset of data used for route calculation is organiZed into 
levels, With each level above the loWest level containing 
only data that represent roads of a corresponding rank or 
higher. In a present embodiment, the subset of data used for 
route calculation is organiZed into levels. Each level 
includes transition point pair data as described above. 

H. Support for Restricted Driving Maneuvers 
Transition point pair data are an effective Way to represent 

multi-segment restricted driving maneuvers. A multi 
segment restricted driving maneuver is a traf?c restriction 
that applies to travel onto one road segment from another 
road segment separated therefrom by one more other road 
segments. In a present embodiment, multi-segment 
restricted driving maneuvers are supported by de?ning all 
the legal paths through an intersection as transition point 
pairs representing multi-link segments, but not de?ning the 
restricted paths. Time-based conditions are supported by 
tagging selected segments With a time restriction. 

I. Examples 
FIGS. 8—12 illustrate graphically the road segments rep 

resented by various transition point pair data entities. 
FIG. 8 shoWs a common case. TWo transition data point 

pairs 220 and 222 are de?ned for a single tWo-Way link, one 
in each direction. 
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FIG. 9 shows an example of tWo transition point pairs 230 
and 232 that represent several road segments. In this 
example, no turns are permitted at the intersections 234 and 
236. 

FIG. 10 shoWs a ramp 240 merging onto a road 242. Since 
only one path is permitted at the intersection 244 at the end 
of the ramp 240, the intersection 244 is not a decision point 
intersection. Therefore, the intersection 244 is not the exit 
point for the transition point pair 248 starting at 246 along 
the ramp 240. The exit point is the intersection 250. Note 
that the link 242 betWeen 244 and 250 is also part of the 
transition point pair 254 that has an entry point at 256. 

FIG. 11 shoWs an intersection 340 With no left turn from 
the segment 342 onto the segment 344. The transition point 
pair 346 starting at the intersection 348 has its exit point at 
the intersection 350. Note that the segment 352 betWeen the 
intersection 340 and the intersection 350 is also part of the 
transition point pair 354 that has its starting point at the 
intersection 356 and its exit point at intersection 350. 

FIG. 12 shoWs a portion of a road netWork containing a 
multi-segment restricted driving maneuver. In FIG. 12, a 
highWay 360 is comprised of road segments 362, 364 and 
366. A driver proceeding along the highWay 360 from the 
road segment 362 to the road segment 364 is permitted to 
either proceed along the highWay 360 onto the road segment 
366 or may exit along the road segment 368. HoWever, a 
driver entering the road segment 364 of highWay 360 from 
the ramp 370 is prohibited from exiting the highWay 360 
along the road segment 368. Instead, a driver entering the 
road segment 364 from the ramp 370 is permitted to only 
proceed along the highWay 360 onto the road segment 366. 
The present embodiment models this restriction by not 
de?ning a transition point pair that folloWs the prohibited 
path. The rest of the paths through the multi-segment 
restricted driving maneuver intersections are de?ned. 
Because of the multi-segment restricted driving maneuver, 
the transition point pairs 372 and 374 cross over a decision 
point intersection, i.e., the intersection 376. Without the 
multi-segment restricted driving maneuver, the transition 
point pairs Would end at the intersection 376. 

J. Complex Intersections (Connector Links) 
One alternative embodiment includes a Way to represent 

certain types of complex intersections to facilitate calcula 
tion of routes. Complex intersections include intersections 
that have several separate links (segments) that represent 
vehicle travel paths internal of the intersection. These inter 
nal (or connector) links may represent actual physical road 
segments or may represent merely vehicle paths across the 
intersection. An example of a complex intersection includes 
the intersection of tWo multi-digitiZed roads. 

According to this alternative, When representing the road 
segments that lead into and out of a complex intersection, 
the transition point pairs Will exclude the internal links. 
Thus, the transition point pair that represents a road segment 
that leads into a complex intersection Will end at an entry 
node into the complex intersection and the transition point 
pair that represents a road segment that leads our of a 
complex intersection Will begin at an exit node leading out 
of the complex intersection. Because of this Way of repre 
senting road segments leading into and out of complex 
intersections, a transition point pair that leads into or out of 
a complex intersection may not share a node With its 
successor (or predecessor) transition point pair. 
An exception to this Way of representing road segments 

that lead into or out of complex intersections applies to 
complex intersections that include multi-segment restricted 
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10 
driving maneuvers. A transition point pair that represents 
multiple segments of a restricted driving maneuver that 
spans a complex intersection Will represent the segments 
internal of the complex intersection. If the transition across 
the complex intersection folloWs the nominal path, it is not 
necessary to include any information about the connector 
links. The distance and time associated With connector links 
Will be included in the transition distance and time routing 
attributes. Any links Where the transition path across a 
complex intersection deviates from the nominal path are 
stored as via nodes (as explained above). These via nodes are 
attributes of the intersection transition; but are not part of 
any transition point pair. They can be stored in a table and 
referenced from a table that indicates the successors of a 
transition point pair. Data indicating a maneuver type 
included in the table takes into account any connector links. 

FIGS. 13A—13D are examples of intersections With con 
nector links, shoWn as dashed lines. FIG. 13A shoWs a 
multi-digitiZed intersection. FIG. 13B shoWs a multi 
digitiZed T intersection. FIG. 13C shoWs a turn lane. FIG. 
13D shoWs a transition from a multi-digitiZed to single 
digitiZed road. 

K. Using the Decision Point Pairs for Routing 
Transition point pair data can be used With knoWn tech 

niques for route calculation. When determining a route, the 
transition point pair data are used to identify Which other 
points can be reached from a given point. Using knoWn route 
calculation techniques, these reachable points are evaluated 
to determine Which one or more of them should be consid 
ered for inclusion, in a potential solution route. Then, the 
transition point pair data are used again to determine further 
reachable points, Which are then evaluated, and so on. The 
data are used iteratively until a list of connected transition 
point pairs connecting an origin and destination is found. 
The transition point pair data can be used to search in either 
direction, i.e., from the origin toWard the destination or from 
the destination back toWard the origin. Techniques for route 
calculation are disclosed in US. Pat. No. 6,192,314, the 
entire disclosure of Which is incorporated by reference 
herein. 
The successful result of the route calculation process is a 

list containing a sequence of connected transition point pairs 
connecting the origin and destination. As mentioned above, 
transition point pair data do not indicate the speci?c road 
segments by Which the exit point can be reached from the 
entry point. Accordingly, the list containing the sequence of 
connected transition point pairs connecting the origin and 
destination represents only the skeleton of an actual solution 
route. After this skeleton route is determined, the skeleton 
route is expanded to determine all the separate individual 
road segments that correspond to the transition point pairs. 
The entire skeleton route does not need to be expanded at 
once. For example, only a feW links ahead of the current 
position of the vehicle may be expanded at one time. 

In order to expand the skeleton route, the navigation 
system includes an application that uses another of the 
subsets of data in the geographic database. In one 
embodiment, this application uses the composite subset. The 
composite subset of data includes data used for vehicle 
positioning, route guidance and geocoding. 

Starting With the ?rst transition point pair data record in 
the solution route, the composite subset of data is used to 
determine Which actual road segment corresponds to the exit 
arm from the entry point of the ?rst transition point pair. The 
rest of the actual road segments that correspond to the ?rst 
transition point pair data record are determined by (1) 
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identifying the node at the other end of the actual road 
segment that corresponds to the exit arm of the entry point 
and (2) using the nominal path data to determine the rest of 
the actual road segments that correspond to the ?rst transi 
tion point pair data record until the exit point of the ?rst 
transition point pair data record is reached. If the ?rst 
transition point pair data record is a variant type, then the via 
node data is used to determine Which actual road segment 
corresponds to the transition point pair Where the nominal 
path is not folloWed at an intersection. 

The road segment upon Which the origin is located is 
determined (e.g., using shape point data associated With the 
road segment records in the composite subset of data). This 
road segment and the rest of the road segments that corre 
spond to the ?rst transition point pair up to the exit point of 
the ?rst transition point pair are stored in an expanded (full) 
version of the solution route. Then, the actual road segments 
that correspond to the next transition point pair in the 
skeleton solution route are determined. These actual road 
segments are determined in the same manner as described 
above in connection With the ?rst transition point pair data 
record. These actual road segments are then included in the 
expanded (full) version of the solution route. Then, the 
actual road segments that correspond to the next transition 
point pair in the skeleton solution route are determined, and 
so on, until the exit point of the last transition point pair in 
the skeleton solution route is reached. The road segment 
upon Which the destination is located is determined in the 
same manner as described above in connection With the 
origin. 

Once all the actual road segments that correspond to the 
skeleton route are determined, the expanded (full) version of 
the solution route includes a list of actual road segments that 
connect the origin and destination. This list can be used for 
generating route guidance, displaying a map visually With 
the route highlighted on the map, and other purposes. 

It is intended that the foregoing detailed description be 
regarded as illustrative rather than limiting and that it is 
understood that the folloWing claims including all equiva 
lents are intended to de?ne the scope of the invention. 

I claim: 
1. A method of determining a route With a geographic 

database that represents a road netWork, Wherein the method 
comprises: 

using a subset of the geographic database that includes 
transition point pair data to determine a skeleton solu 
tion route betWeen an origin and a destination; 

Wherein the transition point pair data include data entities, 
each of Which indicate an entry point, a road segment 
leading aWay from the entry point, an exit point, and 
attributes that indicate a cost of travel betWeen the entry 
point and the exit point; 

and further Wherein each entry point and exit point 
correspond are decision point intersections, Wherein a 
decision point intersection is an intersection of at least 
three road segments at Which a driver entering the 
intersection along one of said at least three road seg 
ments has a choice of legally exiting the intersection 
along at least tWo other of said at least three road 
segments; and 

using another subset of the geographic database to deter 
mine each road segment that corresponds to the skel 
eton solution route. 

2. The method of claim 1 Wherein said other subset 
includes data that indicate nominal paths through 
intersections, Wherein each nominal path indicates one 
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default road segment along Which an intersection can be 
exited for each road segment along Which the intersection 
can be entered. 

3. A method of representing a netWork of road segments 
located in a geographic region to facilitate calculation of 
routes along said road segments, Wherein the method com 
prises: 

forming and storing data representations of transition 
point pairs, 

Wherein each transition point pair includes an entry point 
and an exit point, 

Wherein the entry point corresponds to a decision point 
intersection, 

Wherein a decision point intersection is an intersection of 
at least three road segments Wherein a vehicle entering 
the intersection on one of the road segments can legally 
exit the intersection on at least tWo other road 
segments, and 

Wherein the exit point corresponds to the ?rst eligible 
decision point intersection along a path of one or more 
connected road segments in a single legal direction of 
travel from the entry point; and 

continuing to form and store the data representations of 
transition point pairs until all the transition point pairs 
are represented that include entry points corresponding 
to intersections used as entry points for at least tWo 
transition point pairs. 

4. The method of claim 3 further comprising: 
forming data representations of transition point pairs to 

represent multi-segment restricted driving maneuvers, 
Wherein each data representation of a transition point 
pair involving a restricted driving maneuver represents 
only the legal paths of travel across the multi-segment 
restricted driving maneuver. 

5. The method of claim 3 further comprising: 
storing said data representations of transition point pairs 

in a subset of a database used for determining routes 
betWeen locations along said netWork of road seg 
ments. 

6. The method of claim 3 further comprising: 
storing data representations of end points of road seg 

ments. 
7. The method of claim 3 further comprising: 
storing said data representations of transition point pairs 

in a ?rst subset of a database, Wherein the ?rst subset 
is used for determining routes betWeen locations along 
said netWork of road segments; and 

forming a second subset of the geographic database, 
Wherein the second subset includes data that represent 
individual road segments, and Wherein said second 
subset is used to determine Which of said individual 
road segments correspond to transition point pairs. 

8. The method of claim 3 further comprising: 
forming and storing nominal path data in a database With 

said data representations of transition point pairs, 
Wherein said nominal path data indicate nominal paths 
through intersections, Wherein each nominal path indi 
cates one default road segment along Which an inter 
section can be exited for each road segment along 
Which the intersection can be entered. 

9. The method of claim 3 further comprising: 
forming and storing nominal path data in a database With 

said data representations of transition point pairs, 
Wherein said nominal path data indicate nominal paths 
through intersections, Wherein each nominal path indi 
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cates one default road segment along Which an inter 
section can be exited for each road segment along 
Which the intersection can be entered; and 

storing in the data representations of those transition point 
pairs that deviate from nominal paths through intersec 
tions located betWeen entry points and exit points 
thereof, data indicating the nodes at Which such devia 
tions occur and Which road segments to folloW from 
such nodes. 

10. The method of claim 3 Wherein an eligible decision 
point intersection is a decision point intersection that is not 
part of a restricted driving maneuver, a start of a one-Way 
condition in a direction opposite to the direction toWard the 
exit point, a start of a timed one-Way condition, or a start of 
a no-through-traffic condition. 

11. The method of claim 3 further comprising: 
storing the data representations of transition point pairs on 

a computer-readable storage medium. 
12. A geographic database that represents a road netWork 

located in a geographic area, Wherein the geographic data 
base comprises: 

data entities that represent transition point pairs, 
Wherein each of said data entities that represents a tran 

sition point pair comprises data that indicate an entry 
point, a road segment leading aWay from the entry 
point, an exit point, and a travel cost for traveling from 
the entry point to the exit point along the road segment 
leading aWay from the entry point, 

Wherein each entry point and exit point are decision point 
intersections, 

Wherein a decision point intersection is an intersection of 
at least three road segments at Which a driver entering 
the intersection along one of said at least three road 
segments has a choice of legally exiting the intersection 
along one at least tWo other of said at least three road 
segments; 

Wherein the exit point corresponds to the ?rst eligible 
decision point intersection along a path of one or more 
connected road segments in a single legal direction of 
travel from the entry point along the identi?ed road 
segment leading aWay from the entry point; and 

node data entities that represent end points of individual 
road segments. 

13. The invention of claim 12 Wherein said geographic 
database is stored on a computer-readable medium. 

14. The invention of claims 12 further comprising: 
nominal path data that indicate for each road segment 

along Which each intersection can be legally entered 
one and only one default road segment from Which the 
intersection can be exited. 

15. The invention of claim 14 Wherein said transition 
point pairs include a nominal type and a variant type, 

Wherein the nominal type of transition point pair corre 
sponds to road segments that folloW the nominal path 
from the entry point thereof to the exit point thereof; 
and 

Wherein the variant type of transition point pairs corre 
spond to road segments that do not folloW the nominal 
path at each intersection betWeen the entry point 
thereof and the exit point thereof. 
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16. The invention of claim 15 Wherein each data entity 

that represents a variant transition point pair includes data 
that identify each intersection at Which a path of travel along 
road segments from the entry point thereof to the exit point 
thereof deviates from the nominal path de?ned therefor and 
further that identify the road segment to folloW from said 
intersection to reach the exit point. 

17. A geographic database that represents a road netWork 
located in a geographic area, Wherein the geographic data 
base comprises: 

a ?rst subset of data used for route calculation compris 
ing: 

data entities that represent transition point pairs, Wherein 
each of said data entities that represent a transition 
point pair comprises data that indicate an entry point, a 
road segment leading aWay from the exit point, an exit 
point, and a travel cost for traveling from the entry 
point to the exit point along the road segment leading 
aWay from the entry point, Wherein each entry point 
and exit point are decision point intersections, Wherein 
a decision point intersection is an intersection of at least 
three road segments at Which a driver entering the 
intersection along one of said at least three road seg 
ments has a choice of legally exiting the intersection 
along one at least tWo other of said at least three road 
segments; and 

node data entities that represent end points of individual 
road segments; and 

a second subset of data used to determine road segments 
that correspond to transition point pairs, Wherein said 
second subset of data includes nominal path data that 
indicate for each road segment along Which each inter 
section can be legally entered one and only one default 
road segment from Which the intersection can be 
exited. 

18. The invention of claim 17 Wherein said geographic 
database is stored on a computer-readable medium. 

19. The invention of claim 17 Wherein said transition 
point pairs include a nominal type and a variant type, 

Wherein the nominal type of transition point pairs corre 
spond to road segments that folloW the nominal path 
from the entry point to the exit point; and 

Wherein the variant type of transition point pairs corre 
spond to road segments that do not folloW the nominal 
path at each intersection betWeen the entry point and 
the exit point. 

20. The invention of claim 19 Wherein each data entity 
that represents a variant transition point pair includes data 
that identify each intersection at Which a path of travel along 
road segments from the entry point to the exit point deviates 
from the nominal path de?ned therefor and further that 
identify the road segment to folloW from said intersection to 
reach the exit point. 

21. The invention of claim 17 Wherein each data entity 
that represents a transition point pair includes data that 
identify the road segment Which corresponds to the transi 
tion point pair and Which is connected directly to the exit 
point. 


